The present study is concerned with the relative constancy of the memory span. In the literature there is no definite evidence as to whether memory span is general or specific, i.e., whether the span of an individual remains constant relative to that of the other members of the group in spite of the variations due to the influence of other factors. In this investigation two factors were varied at different times, namely, the type of material and the sensory avenue of presentation. The object was to investigate the constancy of the individual in relation to the group under these two conditions.
band, foot, etc. At the conclusion of a series the subject repeated the words in the' order of their appearance.
Paired Associates.-The unit was a combination of a three letter concrete noun and a two digit number, e.g., boy-31. The series varied in length from two to five units inclusive. In recall the subject had to repeat orally the noun and it* corresponding number, each unit in its proper order.
Abstract Words.-The unit consisted of a five, six, or seven letter abstract noun of one or two syllables. In constructing the series for the test the units were chosen so that every series of a given unit length contained exactly the same number of letters and the same number of syllables. For example, each of the ten series of four-unit length contained eight syllables and twenty-four letters; each series of five-unit length contained nine syllables and thirty-two letters, etc. The series varied in length from four to nine units inclusive. The procedure in recall was the same as for concrete words.
Memory for Commissions.-The unit in this test consisted of a simple command. An example of such a unit is the following: "Put a circle around A." Another is: "Put a comma below 6." Each unit was five or six words in length. The series varied in length from one to five units inclusive. As mentioned above the method of recall in this test differed from the others. Instead of repeating the commission orally the subject performed the task on a card placed before him for that purpose. As in the other teats, however, each commission was to be performed in the order of its appearance in the series.
Simple Sentences.-In this test a simple declarative sentence constituted a unit. Each sentence consisted of six words in eight syllables. An example of a unit is the following: "Mary waved to the cheering crowd." The series varied in length from one to five units inclusive. In recalling each series the subject was to repeat each unit, i.e., each sentence, verbatim and in its proper order in the series.
Auditory Tests.-In addition to the ten visual tests listed above, there were also three auditory tests-tests for consonants, concrete words and abstract words. The same procedure was followed in constructing these tests as in constructing the visual tests for the same materials. In fact, the tests were identical except for a rearrangement of the units in the various series. As in the visual tests the method of recall was oral reproduction.
Method of Presentation
In the visual presentation of the test material to the subject the following procedure was adopted throughout the experiment: the subject sat at a table opposite the experimenter who was hidden from view by a black cloth screen. The cards containing the units of material were shown to the subject through an exposure apparatus at the rate of one card every two seconds. This rate of exposure, two seconds per unit, was maintained throughout the experiment. Since the cards were fed into the exposure apparatus by hand, a special device was set up to assure as accurate timing as possible. An electrically controlled metronome clicking at the rate of once every two seconds was enclosed in a sound box. The sound of the metronome was conducted to the experimenter by a set of ear-phones. The actual experiment was not begun until the experimenter had had sufficient practice in synchronizing the dropping of the card with the clicking of the metronome.
Before the presentation of any series the subject was told how many units the series contained. He was also given a warning signal approximately one second before the presentation of the first unit of the series. In order to make sure that the same exposure time was allowed for the last unit of a series as for the others the subject was told not to repeat the series to the experimenter until the appearance of a blank card after the last unit of the series. For example, if a series consisted of five units, each unit being visible for two seconds, the fifth card was followed by a blank card at an interval of two seconds. Immediately on the appearance of the blank card the subject repeated the entire series. It was further emphasized in the instructions to the subject that in those cases where he could not repeat the entire series he was to give as much of it as possible in proper order, indicating the omitted units by saying the word 'Blank. ' The order in which the tests were presented to the subject is the order in which they are listed above. The same order was used for all subjects so that practice effect would be as nearly constant as possible.
In the digit test, which was the first, the subject was given ten series of six units each. If he got all ten series correct, he was then given ten series of seven units length. If, however, he failed in any of the series of six units length, he was given ten series of five units length, etc., in descending order until the point was reached where all ten series of a given unit length were repeated correctly. The unit length at which all the ten series were given correctly is referred to as the 'basal level.' After the basal level had been established, the subject was then given ten series of each unit length for which he had not yet been tested until the point was reached where he failed all ten trials of a given unit length. An example is herewith given of the order of presentation of the series to Subject B in the digit test. Subject B was given the ten series with six units per series and repeated six of the ten series correctly. He was then given the ten series of five units and responded correctly on eight. Next followed the ten series of four units, on which he repeated all the series correctly. The series of four units length constituted the basal for Subject B. Next followed ten trials of seven units length, four of which were given correctly. Three of the series of eight units length were correct, one of the series of nine units length was correct, and none of the series of ten units length were correct. This concluded the digit test for Subject B.
The same general procedure was followed for all of the visual tests, except the test of memory for commissions. The administration of the auditory tests differed from the visual only in that the material was read by the experimenter. But the rate of presentation, the number of series, the number of units per series, and the mode of response were the same for the auditory and visual tests.
As already mentioned, the only noteworthy deviation from the above procedure was in the test of memory for commissions. Accordingly, the procedure for this test is herewith outlined. A card was placed before the subject on which were printed in ink certain symbols, e.g., the letters A and B or the digits two and three, or combinations of letters and digits. A pencil was placed before the subject along with the card. The subject was then told to attend to the exposure apparatus, and after the usual warning signal, the units of each series, that is, the commissions or the commands, were presented exactly as were the units of every other test. Upon the appearance of the blank card which indicated the close of the series, the subject picked up the pencil and performed the operations on the symbols on the card before him. As in the other tests, there were ten series for each unit length.
The length of time for the completion of a test varied from test to test and from individual to individual. Those tests in which the units were complex, such as the test of Sentences and the test of Memory for Commissions, took a relatively short time, since the subjects failed on all ten series where only three or four units were involved. Those tests in which the units were less complex, such as the test for Digits and the testi for Consonants, took a longer time. Likewise, subject! who did the best took the longest time. With practically all the subjects the thirteen tests were completed in four or five sessions of about one hour each. In the case of a few of the highest scoring subjects a sixth session was required. No limitations were placed on the number of day* between sessions, but for each subject the time of day during which the experiment was conducted was held constant within a few hours. In no cases were subjects tested at one time early in the morning and the next time late in the afternoon.
In the final experiment forty subjects were used. All of the subjects were students of the University of Chicago.
Method of Scoring
Guilford and Dallenbach (4) list twenty-seven methods of scoring tests of memory span. It is obvious that the choice of a method is arbitrary. The feature which determines whether a method is good or not is the degree to which it is capable of distinguishing between subjects.
In the present study the following procedure was used. A series was scored either right or wrong. Every unit of a series had to be repeated by the subject verbatim and in the order in which it was presented in order to earn credit. Any deviation from the above made the series wrong. One-tenth of a point (.1) was given for a correct series. No credit was given for a wrong series. As an initial score, the subject was given the number of points corresponding to the number of units in his basal level. If a subject had a basal level of four in a given test, he was given an initial score of four points. One-tenth of a point (.1) was added to the initial score for every correct response thereafter. The sum total of the initial score plus the credit for the correct responses above the basal level constituted the subject's score for that particular test.
Below is given the score of Subject B, mentioned above, in the Digit Test. Scores for each subject in all thirteen tests were obtained in the same way. As stated above, series were scored either right or wrong. No credit was given for partially correct responses. However, in view of the fact that the subjects were instructed to repeat as many units as they could in a given series even though they knew part of the series was wrong, it was felt that a score based on credit for partially correct responses might yield some interesting results. Accordingly, four of the tests were scored in this additional way with credit being given for partially correct responses. The four tests thus scored were Nonsense Syllables, Paired Associates, Memory for Commissions, and Sentences.
In the test of Nonsense Syllables each syllable contained three letters. By the second method of scoring the subject was given one point for each letter correctly repeated. In a series of two units the subject could make a maximum score of six point*. If one letter in such a series were missed, the subject was given a score of five points, if two letters were missed, four points, etc. It should be noted that not all of the subjects were tested on the same number of series. Some of the subjects missed all ten series of four-unit length and were not tested on the series of five-unit length. Therefore in scoring by the second method it was important that only those series be included in which every subject had been tested. The same precaution was followed in scoring the other three tests.
In the test of Paired Associates each unit gave a maximum score of two pointsone for the word and one for the number accompanying it. For example, if for the unit, 'boy-31,' the subject said, 'boy-32' or 'man-3i,' he was given only one point for the unit. In a two-unit series the maximum score was four points; in a three-unit series six points, etc.
In the test of Memory for Commissions each unit was given a maximum value of three points-one for each operation involved in the unit. For example, in the command, "Put a comma under A," the subject had three operations to bear in mind. One was the use of the correct operational symbol. The subject could have used a colon or a plus sign or a minus sign instead of a comma. He also had to remember the position of the operational symbol, since he could have placed it above, beside, or in the letter rather than below it. Finally, he had to remember the letter on which the operation was to be performed. He could have put the comma below B or C instead of below A. He was therefore given one point for each of these correct operations, or a maximum of three points per unit.
In the test of Sentences each unit was given a maximum value of six points-one point for each word in the sentence. A two-unit series gave a maximum score of twelve points; a three-unit series, a maximum value of eighteen points, etc.
In each of these four tests the final score was the total number of points earned.
RESULTS AND INTERPRETATION
The data yield information on the comparative magnitude of the memory span for the different materials and for the two sensory avenues, the visual and the auditory. Table 1 contains the mean score for each of the seventeen tests, the standard deviations of the scores, and the standard errors of the means.
It should be noted that the tests numbered from fourteen to seventeen inclusive are not comparable to the first thirteen in terms of actual size of span, since the first thirteen tests were scored in terms of units and the remaining four in terms of the number of parts in each unit. Differences in memory span for different kinds of material were reported by Calhoon (2), Lumley and Calhoon (5), Squire (6), Warden (11) , and others. In no case, however, were the conditions of the experiments similar enough to justify a direct comparison of actual figures representing the spans for different kinds of materials. Among the factors that varied from experiment to experiment were the ages of the subjects, the length of time of exposure of the material, method of presentation, method of measuring retention, method of scoring, etc. Blankenship (1), on the basis of a survey of the literature, reports the order of difficulty to be nonsense syllables, letters, digits, and finally sentences and related words. A survey of Table 1 shows that digits seem to be the easiest to remember, with consonants and colors next in order, there being little difference between consonants and colors. Following are concrete words, geometrical designs, and abstract words. No clear differentiation should be made in the order of difficulty of the latter three. The differences between them are not great, and it is not at all unlikely that if the concrete words were made a little longer, or the geometrical designs a little simpler, the order would be reversed. The same holds true for abstract words and geometrical designs, and for abstract words and concrete words.
The last group, the most difficult, are paired associates, nonsense syllables, memory for commissions, and simple sentences. Again, as in the previous group, no definite order of difficulty should be indicated, since slight changes in the difficulty of the units involved would change the order.
It may be noted that if a nonsense syllable is considered as a group of three letters rather than as a single unit, the mean score becomes 8.47 (3 X 2.49-which is the score for nonsense syllables treated as a unit) as compared to 7.30 which is the mean score of consonants. One possible explanation for this difference in mean scores is the fact that the middle letter of each nonsense syllable is a vowel. Since the choice of vowels is more limited than the choice of consonants, the chance of error is accordingly less. Likewise, multiplying the mean sentence score.by six (which is the number of words per sentence) gives a mean score of 10.50 for meaningfully grouped words as compared to a mean score of 5.76, the score for concrete words presented singly. On the other hand, attention should be called to the fact that the difference between grouped letters and single letters and between grouped words and single words is complicated by the difference in length of exposure time. In the case of single letters the total time of exposure of three letters was six seconds. In the case of grouped letters (nonsense syllables) the total time of exposure was two seconds. Also, in the case of discrete concrete words the total time of exposure of six words was twelve seconds. In the grouped series of words, i.e., in the sentences, the time of exposure for six words was two seconds.
Finally, a comparison can be made between the two different sensory avenues. Table 1 shows that there is no significant difference between consonants presented visually and orally, or between concrete words presented visually and orally, and that there is only a slight difference between abstract words presented visually and orally.
The second question to be considered is the generality or specificity of the memory span, i.e., the constancy of the span of an individual in relation to the members of the group, where the only variable manipulated is the kind of material in the various tests or the sensory avenue of presentation. As will be shown in further consideration of the results, the question of the relative constancy of the span of the individual or of the generality or specificity of the span is intimately tied up with the question of the number of separate abilities called for by all of the tests of the battery.
If there is only one general memory span factor involved, that is, if the individual's relative position in the group depends entirely on one ability that is called for in all of the tests and is not influenced by the type of material on which the span is tested, we would expect the distribution of the mean standard scores for all subjects to be fairly well scattered from high positive to high negative values. Likewise, we would expect any subject to have approximately the same standard score on all tests, with little variability in the score. Conversely, if the influence of a general memory span factor were negligible, and the individual's position in the group is dependent on separate abilities called for by the different tests, we would expect the distribution of the mean standard scores for all of the subjects to cluster around zero. We would further expect a widely scattered group of standard scores for any one subject. In the limiting case where there would be no correlation between the different scores the standard deviation would tend to approach the limiting value of 1.00, and the standard error of the standard scores of the subject would tend to approach the limiting value of .171. (Substituting in the formula a distribution
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where N is 17, as in this case, the limiting value would be .171.)
An examination of Table 2 shows that a point in between the two suppositions mentioned above is approximated. The distribution of the means of the standard scores is fairly wide, ranging from -1.310-to -\-\.JJa. Further, on examination of the means and sigmas for each subject, it is seen that the standard deviation of the standard scores range from .363 to .799 with an average for all forty subjects of .531, and that the standard error of the standard scores ranges from .050 to .131 with an average for all forty subjects of .091.
The above results suggest the conclusion that all of the tests call for a common ability, thus tending to keep the posi-tion of the individual constant in relation to the rest of the group, but also that certain abilities are called for in some of the tests and not in others, thus tending to make the position of the individual fluctuate in relation to the rest of the group.
A factorial analysis of the table of intercorrelations of the tests tends to bear out this conclusion. Factorial Analysis Table 3 contains the intercorrelations of all of the tests. The intercorrelations were computed from the standard scores by the method of rank differences. The correlation matrix was factored by the centroid method, giving the centroid matrix of Table 4 . Rotational procedure was then applied to the centroid matrix maximizing the number of zero or near zero projections on the several planes. Table 5 contains the transformation matrix by means of which the rotated factorial matrix of Table 6 was obtained from the centroid matrix. Table 7 shows the correlations between the final primary abilities. Table 4 which is called 'h*.' This column represents the communality, i.e., that part of the variance of the given test which is due to factors common to other tests in the battery. The reliability of the tests, which is equal to, or greater than, the communality, is high. The variance due to specificity or to error and not accounted for in the extracted factors is correspondingly small. Column D contains no zero or near zero projections. The smallest projections are for Tests 9, 10, 16, and 17, which are the tests of Memory for Commissions and Sentences scored in the two different ways. But even these loadings are fairly high, the lowest being .34. This column represents a general factor. From the nature of the battery it would seem that this factor is the memory span factor.
In Column C the entries to be considered are for the following tests: All of the tests with significant entries in Column C involve words. The tests with the highest loadings (Sentences) certainly involve ideas and words and relationships between words. It is also very possible that the subjects formed relationships or associations even between the discrete abstract and concrete words in an effort to retain them. Accordingly, it is suggested that the factor involved is Thurstone's verbal factor. It should be noted that the battery of tests was not sufficiently large or varied in nature to allow for unquestionable naming or interpreting of the factors. Any suggestions, therefore, in regard to the nature of the factors are highly tentative. These hypotheses or suggestions can be subjected to experimental check-up by including the tests in question in a battery with other tests that are known to be highly saturated with the factor or factors under consideration.
In Column B the entries to be considered are for the following tests: The last one or two factor loadings are rather small, and hence their significance is questionable. It is evident that a factor of visual or spatial imagery may be involved in the tests of Geometrical Designs and Colors. But it is more difficult to explain why it is present in some of the word tests and not in others. However, as indicated before, the nature of the factor may be more readily determined by another experiment with more significant tests added to the battery.
In Column A the entries to be considered are for the following tests: One way in which the above tests differ from the others is that they involve rapid reading and grasping of a complete idea. The factor may be some sort of a speed factor-possibly speed of reading or speed of apprehension. But, as before, the interpretation is tentative and the only concrete suggestion that may be made is that reading speed tests of several types be added to the present battery to test for the above mentioned factor.
The entries in Column E, the residual plane, are too small to be significant, and no special interpretation is necessary.
One other point of interest in the rotated factorial matrix is the comparative factor loadings of the visual and oral tests. These data are summarized in the In general, the factor loadings do not differ significantly for the two methods of presentation. In only one case is the 4. In the case of the three tests presented visually and orally the two methods of presentation seem to involve the same factors to the same degree.
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